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(54) Gdlvahpm0t6r cohtrbli^r dnd las^r irnilchinihg apparatus 



(S7) A gaivandmeter cbntroHer (16) cafjable of cbn^ 
tfdl with stability sind with immuriity to changes with time 
and vsrlatioh th ehvirdhment temperature and hdving 
improved dperebiiity ahtj expandability* and k laser ma- 
chirilhg appat'atus having the galvanorheter cdhtroller 
(1 6). the gaivandmeter cdntfotief (16) comprises e cor- 
fectlhg errahgertient fdrtried in a digital circuit (12), the 



correcting arrangement having a distortion cdrfectidn 
section (9) for correcting a working distortion of ah op^ 
ticel unit ihctuding a iehs, an Orthocfdhality cdri^ctidn 
sectiph (10) for ddrrectihg the orfliogdnality between the 
tWd axes df the gaivahdmeier, end a iiheafity cdrrectidh 
sectioh (11a.11b) fdr cdrredting the iineerity dri each df 
the two akes. 
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1 6; GALVANOMETER CONTROLLER 
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the cdrfectifig arrahgertlent having a dlstoHion correc- 
tion ^ectioh for correcting a Working distortiph oi an op- 
licai lirtit including a lens, ah orthdgonality corre^^ 
sectipri for cbrrecting the orthbgohality between the two 
axes of the galvanometeri arid a iihearity 6ofr0ctibn sec- 5 
tiph for cbrfectihg the linearity on each of the two axes. 
f^yrth^r,,it is jiref^rf^d that the galviahprn^ter cbhtfpil^r 
iridiudes. a .tehipbrature/hurril detectbr and charac- 
teHstip cbntrbliing means fpf cbntrbliihg a chiafacteristic 
ther'ebf accbrding to the temparaturd chiaifig^ or humidity io 
chanQp. . 

BRIEF DESCRIPTION Oi^. THE . Df^ . 

[0016] this abbve-meritibned and other objects,.f00- ^5 
tures arid advahtaiges bf this invehtibn will becbma more 
appai'ent by reference to tha following datailbd descrip- 
tibh of the InVenttbh taken in cohjuiidibn With the acddm-^ 
partying drsiwlrig^, whareirt: 

Fig. 1 is £i diagram schamaticaily showing a mdchln^ 
irig apparatus using galvanometers 16. which; tha . 
. present iriventibn.is appH^ 

Fig. 2 is a diagram schematibaily showing the cbn- 
figuratlbn bf a galvanbmeter bphtfblter according to 25 
a ^rst. embbdimerit bf the prbspnt inyentibn; 
\ Fig. 3 is a bipck diagram of tha gdlvanometer' controi 
unit shown in Fig. 2; 

Fig. 4 shbws a spt bf charts fbr explaining distortion 
caused by an optical unit; 
Fig. 5 shows ah arithmetic circuit for con-ectihg the 
distoilibn shown in Fig.4; 

lf=^ig. 6 schematically shows a process to detenrhinP 
coefficients dpplibd to the arithmetic ciircuit shbWh 
in Fig, 5; .35 
Fig. 7 shows ^n arithmetic circuit fbf connecting ^ 
orthogbnal $trbt according to the present invention; 
i^ig. 8 schematically shows a probass to dbteirmine 
coefndehts apt^liad to thd Arithmetic dftUit Shown 
in Fig. 7; ^0 
Fig. 9 shoWs a set of charts for schemdtlbdily Ex- 
plaining iineariiy cbrfectibn according to the present 
invehtibn; 

Fig. 1 0 is another chart for schematically explaining 

the linearity according to the present Invention; 45 

Fig. 11 Is a block diagram schematically shbWing e 

gaivanometer cbnti'bl unit accbrding to a secand 

embbdiment of the present inventibn; 

Fig. 12 IS a block diagram schematically shbwIng e 

galvanometer cbntfbl unit according to a third em- so 

bbdimerit of the present inventibn. 

Fig. 13 is e block diagram schematically showing a 

galvanometer cbhtfbller according to a fourth ehri- 

bbdiment bf the present invention; 

Fig. 14 shbWs a cbnfiguratioh of a position sensbr 55 

in the fourth embbdim nt shbWn in Fig. 13; and 

Fig. 15 schematically shows a configuration of ^ 

temperature/humidity converter table in the fourth 



em^diments^ 
6eTA!LIcI3 piSCKiPtlO THjEPRgFERFtdb 

JoOlT] vAgalyano 

ing appar'atus u galvanbmelpf-Pbntrbilef ^ 

descnbed \Mttj^^^^f^^^ 2 and 3.. the laser 

machining efiparatUs of Fig. 1 cbmprises a galvanome- 
ter bptical unit having an X-axis gdlvanpjrieter. a Yraxis 
gaivanbmetefj scanner m and a lens. Iri Pig. 1? 
th0 laser beanfi is dp^i^ for scanning by the scahher 
miTOrs attached tbthd^^ and,y*axi$ galVanbmeters 
and is cbhdensed by^^^t^ pn a wprkpiece. Fig. ^ 

is a di|igr^m scHem^itically showing the cphfiguratlbii :bf 
the gaivahpme^r cbntm^ to. the first m-* 

bbdiment bf.the present |rtV#httbn, in^ 3 shbwis ia 
detail of a p$rt iri F|g. i?. in F|0.2. the laser rti^chinlng 
apparatus h?^ a laspr^ bedm $ (not sihbWnj, gaiva- 
nprnetetdpfiedprs drid 6b which respectiyeiy reflecti 
along and Y^axbs, ^the teser bearti^ ppsitip ^hsbrs 
7a and 7t> which re^pectiy pf the 

galyanbrnpter deflectbre, a gaiVanornetef pohtrbil f 1 $ 
which cbntrbls the'galvart^ by fejfaiting 

to the sensed signais ftpril the position sensors, the op- 
tical Unlit whibli^ the yyorkpiece the laser 
bearh reflected ^t^^^ aind a 
host cphtfplief i which, cbhtrbls the galvanometer cbn^ 
trbjien ; ; • '{'.^'^-. ■.. ■"• ' • 
iOdiS] . As shpWn in Fig. 2, thegalyahbmi^tercbntroller 
1 6 is constituted by an input/bUtpiit port 8 th(;ough Which 
a digital pPsition command signal is input frpm the hpst 
cbntroiler l^ a digital control unit2 Which perfomis digital 
signal t;)rocessing, D/A converters 3e anci.3b which cbn* 
vert gaivanometeir cbhtrbl outputs from the digital con^ 
trol unit 2 into analog signals^ power amjslifiers 4a and 
4b Which ampiify butpute frbm the p/A converters 3a and 
3b Snd drive the gal vanpmeter deflectors 6a and 6b, and 
A/D cbnverters 5a and 5b Which are Supplied with output 
signals from the positibn sensors 7a ^nd 7b provided on 
the galvanometer ddfiedbrs with the X-^ and Y-axes, and 
which convert these analog signals into digital signals. 
[0019] the operation of the thus-constmcted galva^ 
nometer controller 16 will be described below. The pb^ 
sitioh command and parameters supplied frorii the host 
cbntroiler 1 are Input to the digital controi unit 2. the 
sensed signals in analog form frbni the positioh sensor's 
7a and 7b bn the galvanometer deflectors 6a and 6b are 
converted Into digital signals by the A/D converters 6a 
and 5b. the converted digital signals are input to the 
digital contrbl unit 2. On the other hand, digital signals 
for control bf the gal venbmeter deflectors 6a and 6b are 
output from the digital contrbl unit 2 and are converted 
intb enalog sigrlais by the D/A converters 3a and 3b. 
thepower amplifiers 4a and 4b amplify the converted 
analog signals and respectively drive the galvanometer 
deflectors 6a. and 6b by the amplified signals, th opti- 
cal unit scans a surfece of the workpiece mounted oh a 
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' AXiSi AX1+ (AX2 f AX1) *a/ (a + b) 
AX6 = AX3+ ( AX4 - AX3) *a/ (a + b) 

: AXp % AXS + ( AX6 - AXS) *c/ (c + d) 

The cdfrectlon value on the Y-axis is dornputed in the 
sanie way. , 

[00^4] in the galvanometer controller 16 of this em- 
bodiment, the Circuits for performing processing pfvar- . 
loUs ktrids incliidirig the processing for coiftecitlrig a 
working distortion of a l^n^, the pro0essing for.cdrrecting : 
the drthogdiiklity^bet^^ the two axes, prdcesstng for 
corfebtirig the lini§arity oh eaph jaxis;arid the Pit) cphtrpi 
processing using the sensed position signals 13a arid 
1 3b as feedbacK signals, and the itiahagement table for 
storing and managing parameters for each cQit^ctibh 
prbcessing ar^ pirbvided in tha^^^d cbhtrbl .UnitH2, 
theretjy making jit ^p^ r^uce, changes iri char*, 

acteristic^ dlle tb^^^^ with tirtie Iri the cbntrblier of 
^abtorsjn the bpeir^ ert ylfphrftefit and tp thereby con- 
trd the jgaivanometef dbflbctdrs with stabiiity. ilirough 
coritfol t)f ih prbo^^ihg from the 

host controller 1 , bpefatipns fbr adjustihg the gaiyanp m- 
eter defiactbrs pan be paif^^ basiiy and. fur- 

then an Ufiskilled dperator can basiiy perform the adjust- 
merit ppeirations with feliabitity 
[0025] A galyanpmeter cdhtrpller and a laser fnachin- 
ing appafatus using the galyanometefdontfbii^rof other 
embodlmerits of the present irivehtioh will riext be de- 
scribbd with reference to Figs. 11 and 12. Fig. 11 shows 
adl£i!ta|cbntrblunit2*ofasacpnd^^e andBg. 
12 shows another cbhfiguration bf the galvanometer 
cbntrblier of a third embbdiment. The second ehifabdl- 
rhent is characterized by parfbrming functlbn of rbducirtg 
the influence of fesonartce of galyanometer deflectors. 
The third/embodiment is characterized by perfdrming 
function of automatically optirhi^ing parametefs in addi- 
tion to those according to the first embodiment. In bthef 
respects, these embddimbnts are the same as the first 
ambbdiment. Referring to Fig. 11 , the digital control unit 
2* further includes notch circuits 17a and l7b. Refem'ng 
to Fig. 12, the digital control unit 2" further includes ah . 
automatic tllming circuit 18, In general, a galvanometer 
deft^btbf has a specific resonance frequency because 
of its structural characteristic. If the operating frequency 
of the galvanometer deflector is close to the resonance 
frbqu^ncy^ the gaivartometer deflector resonates and vi- 
bfatibnbfafbtatihg shaft of th deflector occurs, thereby 
resulting in failure of accurate scanning with a laser 
beam. In the second embodiment, for the purpose of im-. 
proving the accuracy bf scanning, the notch circuits 1 7a 
and 17b are connected to the PID control blocks 12a 
and 12b to reduce i-eSbnating Vibration of the galvanom^ 
eter deflectors. 



. 100261 The autbhiatic t^ .1 8 bbtaihS jaaram^ 

eters frpnrj the par4meti^-t^^^^^ man- 
aging parametbrs ifor^^u processing 
. and cpntrpi phDcessingf cprt^^^^ With 
5 values input in :adyahbe, p^ computatipn using 
the pa.rameters, arid f)0rfbrms auto cpn^t such 
thatiheparannipte 

[0027^ A$ d^cribed abbv^^ for the. Vafi- 

bus kind c^h^ectidris andih^^^ bibcks are in- 

10 corpprateci in the digital urtitj arid additibrial circuits are 
provided iri the unit 2, thereby ein^biing the gaK/aribme- 
ter deflectbrs to b§ cbntrdlled with higher accuracy while 
achieving the same effect as that of the. first embbdi^ 

f * tOOid] According to the abp embodiments, it is ppsr 
sible tb prevent characteristic gaivartbm- 
ate^boiitrpiiaf dua to tenipbfajure dhan HoWbyer, it 
is still impbssibib tb cbhipensate bharabteristic chahge 
of a galvariorriatb? Jtseii. of 

20 a gaisrahbmatar varies due tpithe tbri^pbratur^.charigie 

, . and humidity chahge and, thei^^^ 

signai from the poisitlofi sensbr^7 jiecbmes varied. A 
fourth embbiaifni^ni shown Ihi:ig.i3 is papabie bf cprh-' 
pensatihg thb characteristic chahgbs bf a galvatioffibteir 

25 due to tha tempbrature changb and humidi^ change. In 
Fig. 13^ there era prbvided a tenipafaiture detector 19, 
a humidity detector 2d and a ternperature/humidity cbn^ 
. VertBrtable.23;The te^ andhu- 
midity^dbtected sigrial from the dbtectors 19 and 20 are 

30 sUjjsplied to the ternperature/h table 23 

through A/D conVerteirs 21 a respabtivbiy. in the 
tahftperatureiliumidity cbri^^^ ^3, a gain factor 

for the sensed pbSltlon signal X/p pi:bduced in the pbsi- 
tion sensor 7 is predetefminedly stored. In this case, the 

35 position jsensbd brror due to th^ temperature, charige 
and humidity change are pr-evipusly maasured in prac- 
tice and after this, the gain faptpr for cbrnpenjsif ting the 
pbSitibn sensed error is deterrrtthed and stbffed in the 
table. Alternatively, if the gain fe^ can be, expressed 

^0 by a funptibnal . equation accprding to the temperature 
change and humidity bhahge, it may be possible to 
make Up the table 23 by apply at least one function table. 
Further, when extent bf the position sensed error is var-^ 
iad according to the fibsitioh bf the galvanometer^ the 

45 gain fabtbr Is detenrhined according to the SenSbd pos!^ 
tiph in addition to the temperature and humidity. .The 
gain factor data Dg are outputted frbrri the table 23 and 
applied the position sensor 7 through a D/A converter 
24. - 

50 [0629] In Fig.14 showing the t^osition senSbr 7, an in- 
itial position sensed signal ievel from an angle detector 
25 Is coptrollbd in respohSe to the gain factor srgnai Vg 
from the iS/A converter 24. Iri Fig.lS Showing one ex- 
ample on the temperature/humidity cbnyerter table 23, 

(55 the temperature data Dt and the 'humidity data Dw are 
converted in function tables 27 and 28 arid the convert- 
ed data are multiplied. Further, the multiplied data are 
corrected by ah individual differenc ' .factor Ky depend- 
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